Durability and wear properties of traffic marking paints are one of the most important challenges in traffic management. This provides high-value cost-benefit, crowd reducing, improving journey times and decreasing environmental targets which are made by standing or slow-moving traffic. Because of the volume of traffic passing, climatic conditions, type of road surface, and drivers' behavior, a traffic marking paint gradually loses its basic properties such as durability and night visibility (R L ) that may potentially lead to accidents because of a loss of cognitive perception for drivers. Therefore, an effective wear resistance traffic marking paint is desirable to reduce wear, extending the lifetime and durability of paints. Analyzing this effect via microgranules, nanoclay application is the aim of this study. Clay/acrylic resin nanocomposite is synthesized using Cloisite® 30B with different percentages. Finally, production of traffic marking paint nanocomposites with this nanocomposite acrylic resins can offer the promising prospect for these aims.
Introduction
In the world, the United States has the largest network of highways, including the urban and rural mileage. This network includes 6.7 million kilometers of streets, roads, and highways [1] . Annually, this transportation system carries at a level of $1116 billion, close to 8% of the gross domestic product (GDP) [2] . For reasons, durability marking of this highway's networks is very important. These markings are the devices on a road surface that give guidance and information to drivers and pedestrians, thereby preventing confusions and uncertainty about their meaning that may potentially lead to accidents. So, effectiveness and uniformity of these markings should be ensured.
As no slowdown in transportation development is in vision in the near future, it is magisterial to introduce advanced technologies that can improve the efficiency of highway to ensure continuous development of the economy. So the importance of the national transportation network is well fixed, there is a growing distinction that highway operations require traffic marking paint. Because of the volume of traffic passing, climatic conditions, type of road surface, and drivers' behavior, a traffic marking paint gradually loses its basic properties such as durability and night visibility (R L ) that may potentially lead to accidents because of a loss of cognitive perception for drivers. Therefore, to extend the lifetime of paints, an effective wear and scratch resistance coating are useful.
In the recent years, the growth of new technologies and the extreme research activity in the field of coatings have resulted in the design of new products that combine common decorative and protective properties with original science. In addition to the many eventualities for improving organic coatings offered by grafting of functional groups, hybridization, and use of specific additives, the recent developments in nanotechnology have disclosed to the production of smart coatings. Nanosized and/or nanostructured particles, if correctly dispersed in coatings, can make products of wonderful properties and performances, directly or after activation by an external motive.
From the end of the last century, the discovery of different clays and their wide applications led to continuous growth in nanotechnology. Clay refers to a class of materials generally made up of clay minerals or layered silicates with traces of metal oxides and organic material. Clay minerals are hydrous aluminum phyllosilicates, sometimes with variable contents of magnesium, iron, alkaline earth, alkali metals, and other cations, and are normally crystalline. Clays, as a low-cost inorganic material, are used in engineering, industrial, and scientific scopes. In industrial and engineering fields, clays are used in ceramics, oil drilling, and the paper industry [3, 4] . In science, clays are commonly also used as adsorbents, decoloration agents, and catalysts. In this regard, clays have received considerable interest to affect the properties of polymer systems [5, 6] . Commonly, clay particles have a lateral dimension in centimeters, the micron-sized in-plane dimension of the individual clay layers and the thickness of single clay platelets in the order of nanometers. These layered clays are characterized by strong intralayer covalent bonds within the individual sheets comprising the clay [7] . The efficiency of the clay to improve the properties of the polymer is primarily determined by the degree of its dispersion in the polymer matrix, which in turn depends on the clay particle size. But, the hydrophilic nature of the clay surfaces does not make a homogeneous dispersion in the organic phase of polymer. So, strong intralayer covalent bonds within the individual sheets make the weak dispersion of clays in the matrix during the production of polymer nanocomposites, commonly a modification of the clay is needed. Modification of clay may lead to improving dispersion of these materials in a solvent via intercalation with a polymer that provides enhancement of thermal and physical-mechanical properties of the nanocomposites, as shown in Figure 1 . For the successful dispersion of nanoclay in the polymer, clay surface is treated to be hydrophobic. This is achieved by replacing the cations in the exchange layer between the plates with alkyl ammonium products [8, 9] .
In order to insert clay into a polymer matrix, different methods such as solution intercalation [10, 11] , melt mixing [12] [13] [14] [15] , and in situ polymerization techniques [15] [16] [17] can be applied.
In polymer/clay nanocomposites, two idealized structures are feasible: exfoliated and intercalated, as shown in Figure 2 . In exfoliation, clay penetrates to the polymer matrix and randomly dispersed. Exfoliated nanocomposites create excellent property due to the large aspect ratio and surface area of the clay. The layer separation, especially exfoliation, depends on the establishment of desirable interactions between the clay surface and the polymer and the subsequent system energy reduction [18] [19] [20] [21] [22] . The exfoliated interaction improves the mechanical properties of nanocomposites, such as wear, scratch, impact, stiffness, dimensional stability, oxygen index, and gas permeability. By contrast, in intercalation, polymer chains penetrate into the interlayer region and interlayer expansion. The layer structures were detected by X-ray diffraction (XRD). Melt intercalation and in situ polymerization are two most usual ways for preparing clay nanocomposite. In melt intercalation, clay mixed with a molten polymer matrix. In in situ polymerization, monomer intercalation is followed by polymerization. The interaction between the monomer and the clay surface, the exfoliated nanocomposites (nylon-6 [23] , poly (ε-caprolactone) [24] , and epoxy [25] [26] [27] [28] [29] ) were successfully synthesized.
For in situ polymerization method, the increased spacing provides the monomer to penetrate into the gallery space and polymerize. This improved reinforcement of the polymer matrix and its properties.
Nanocomposites can be used as ideal candidates for many applications ranging from strong, heat-resistant automotive components to high-barrier packaging materials, aerospace, optical, electronic, and medical devices.
The impregnation technique of the clay by a vinyl monomer followed by its polymerization has been used in these 2 Journal of Nanomaterials cases [30] [31] [32] [33] [34] [35] [36] [37] . However, since the adsorption of monomer molecules between the lamellae depends on the dipole moment of the monomer molecule, the yields of the physically inserted polymer were found to be low. The direct adsorption of uncharged linear polymers onto a clay surface has also been used for producing clay-polymer materials which depend on the adsorption of the hydration water molecules from the clay surfaces [38] [39] [40] [41] . Since the sogained entropy prepares the driving force for this physical adsorption, it does not lead to high polymer. In addition, the polymers have been grafted to the available hydroxyl groups on the clay surface through coupling agents [42, 43] . However, such surface modifications do not lead to the penetration of the polymers into the interlayer of the clay, and hence, they are not homogeneously dispersed. Many thermoplastic polymers are produced by free radical polymerization using vinyl monomers, and the reaction adopts distinctly several mechanisms as compared to ringopening polymerization [44] . Polymerization is usually carried out in the presence of initiators. It is, therefore, necessary to check the interaction between the monomer, the initiator, and the modified clay surface in a systematic manner. Intercalated polymethyl methacrylate (PMMA) and polystyrene (PS) nanocomposites have been synthesized through either emulsion [45] [46] [47] [48] or bulk polymerization [49, 50] . The structural affinity between the styrene monomer and the organic cation played an important role in the PS/clay hybrid structure [51] . Improved dispersion of clay in the PMMA/ clay nanocomposites was obtained when methyl methacrylate was cointercalated and copolymerized with lauryl methacrylate (LMA) [52] . Efforts have also been made to anchor a living free radical polymerization (LFRP) initiator in the interlayer region to modify the intralayer polymerization rate and to achieve an exfoliated PS nanocomposite [53] . Recently, a more conventional initiator, 2,2 ′ -azo (isobutyl amidine hydrochloride), was used to yield exfoliation of clay in the PMMA matrix, using suspension polymerization [54] . Exfoliation of clay in PMMA was also reported in the emulsion polymerization [55] .
The research reported in this paper was aimed at the preparation and characterization of new formulations of nanoclay/acrylic resin and thereafter preparation and characterization of new formulations of traffic marking paint based on these resins. Acrylic resin is an extremely versatile polymer, largely used in cold-applied traffic marking paint with excellent film-forming properties, adhesion, good stability, reversibility, and nonyellowing characteristics. It is therefore of great interest to explore if it is possible to combine these properties with the wear and scratch resistance behavior.
This paper compares the specification of formulations of acrylic resin containing nanoclay by monitoring their distribution of nanoclay, optical property, the molecular weight (M w ), polydispersity index (PDI), solution viscosity, and mass conservation.
This paper compares the performances of different formulations of traffic marking paint containing nanocomposite acrylic resin by monitoring their wear resistance, scratch resistance, and R L .
Experimental
2.1. Materials of Acrylic Resin. Methyl methacrylate (contains ≤30 ppm MEHQ as inhibitor), butyl acrylate (≥99%, contains 10-60 ppm MEHQ as inhibitor), styrene (≥99.5%), and 2-mercaptoethanol (≥99%) were obtained from the Aldrich Chemical Co.
Dibenzoyl peroxide (Luperox A75) was obtained from Arkema Co. In most polymerizations of acrylic monomers, the polymerization temperature is greater than 100°C and the organic initiator is chosen so that the half-life time under the reaction conditions is in the range of 2 to 20 minutes.
Microgranule nanoclay based on a natural mineral was Cloisite 30B that is SWy-1 montmorillonite modified by MT2EtOH (methyl tallow bis-2-hydroxyethyl, quaternary ammonium) that obtained from BYK Additives & Instruments with basal spacing d 001 1.85 nm. Cloisite 30B is microscaled in its delivery form and exfoliates down to nanoscale only in the matrix. Cloisite 30B with their organomodifier and other characteristics is provided in Table 1 . The chemical configuration of the organic modifier is shown in Figure 3 .
Toluene (>99.5%, boiling point = 110°C) was obtained from Merck.
Materials of Traffic Marking Paint.
To prepare the traffic marking paint, a copolymer acrylic resin, titanium dioxide (as a pigment), calcium carbonate (as a filler), solvent, and additives were used.
Thermoplastic acrylic resins were produced in this study. In nanocomposite acrylic resin, Cloisite 30B was used as nanoclay.
Titanium dioxide is Ti-Pure™ R-900, manufactured by DuPont Co. in America.
Calcium carbonate was manufactured by Lorestan Chemical and Mineral Co. in Iran. The solvent is toluene (>99.5%, Merck). The antisettling additive is Bentone 34, manufactured by Elementis Specialties Co. in Malaysia. The dispersing agent is Troysperse CD1, manufactured by Troy Co. in Canada. 
Synthesis of Acrylic
Resins. Acrylic resins were prepared by conventional free radical solution polymerization techniques. The polymerizations were conducted under nitrogen in a jacketed, stainless steel reactor equipped with a mechanical stirrer, a thermometer with a temperature controller, and a reflux condenser. Table 2 presents weight percent of the main components for the preparation of the samples according to the experimental design of mixture method. Nanocomposite acrylic resins contain 1 wt% (a) and 2 wt% (b) Cloisite 30B.
The monomer feed and initiator were metered and charged into the reactor containing solvent and Cloisite 30B at a prescribed temperature over a five-hour period. The chain transfer agent coexists in the monomer, prior to or at the initiation of polymerization, in an amount of 1 wt% at the most. Therefore, chain transfer agents (e.g., mercaptans) are needed to lower the molecular weight; however, mercaptan chain transfer agents can produce objectionable odors, color, and light instability in the coatings [56] .
After the monomer and initiator addition was complete, the polymerization was continued for an additional hour. The monomer to solvent ratio was 3.7 : 1 (80% solid, theoretical). Figure 4 illustrates production process of acrylic resin. After polymerization was completed, polymer was charged into the blender to adjust 60% solids with the solvent. Table 3 presents weight percentage of the main components for the preparation of the samples according to the experimental design of mixture method. Figure 5 illustrates schematically production process of traffic marking paint. Antisettling additive and the dispersing agent were dispersed in acrylic resin for 10 min. The pigment is then added to the dispersion that is then ball-milled using laboratory KREIS BASKET MILL/ KREIS-DISSOLVER (Niemann, Germany).
Preparation of Traffic Marking Paint.
This operation continues until the fineness of grind paint is max 10 microns according to ISO 1524. Then, gradually add calcium carbonate and mix for 15 min. With the solvent the viscosity is adjusted to 95-100 KU according to test methods ISO 3219 and ASTM D562.
For wear resistance and scratch resistance tests, road marking samples were applied to aluminum substrates (according to test method ISO 1514), using a film applicator (Elcometer 3540/1, four-sided film application) according to test method ASTM D 823 practice E with a wet film thickness of 75 μm. The applied films were then allowed to dry at room temperature (25 ± 2°C) for 24 h. The dry film thickness was 39-40 μm (according to test method ISO 2808, method 10).
For measurement R L of traffic marking samples, apply at least three lines of each specimen on clean asphalt with moderate traffic at 800 μ wet film thickness, and then at this time, immediately add the glass beads 400 gr/m 2 on the wet paints. The dry film thickness was 415-420 μm (according to test method ISO 2808, method 10).
All measures reported here represent an average of the results. Six measurements were performed in each test to calculate a suitable average value on three specimens.
Characterization of Acrylic
Resins. In order to evaluate the distribution status of Cloisite 30B on the resin, transmission electron microscope (TEM) images were recorded on a Philips CM-120, working at an accelerating voltage of 100 kV. The specimen was prepared onto carbon-coated copper grids and was imaged after the complete evaporation of the solvent.
X-ray diffraction (XRD) experiments were performed by Rigaku Ultima IV diffractometer, Japan, and intensity data were collected in the 2θ range of 0°-25°at a step of 0.02°a nd a 2 sec count time using Cu-Kα radiation (1.54 A°) and a Ni filter, at 40 kV and 50 mA.
A UV-Vis spectrophotometer (Lambda 35, Perkin Elmer) was used to measure the difference of percentage of transmittance between the acrylic resin and nanocomposite acrylic resin films. The transmission signal was measured for the wavelength from 200 to 800 nm and then converted to an absorption signal for further evaluation.
Molecular weight and MWD of polymers can be measured by many different methods such as vapor phase osmometry, ultracentrifugation, and light scattering; the method used in this paper is gel permeation chromatography (GPC). The advantages of using GPC are the following: (1) has moderate cost, (2) has fast analysis time, (3) has excellent reproducibility of results, (4) can be applied to a wide variety of solvents and polymers, (5) can be applied to a wide range of molecular weights, and (6) has good agreement of results, particularly PDI, with results obtained from other techniques. The THF size exclusion chromatography (SEC) system consists of a Waters 1515 isocratic HPLC pump, a Waters 717 plus autosampler, a Waters 600E system controller (run by Breeze Version 3.30 SPA), and a Waters inline degasser AF. A Waters 2414 differential refractometer is connected in series with a Waters 2487 dual wavelength absorbance UV-Vis detector operating at variable wavelengths. Tetrahydrofuran (THF, HPLC grade, stabilized with 0.125% BHT, when using unstabilized THF, ensure that your solvent is fresh) as mobile phase is used at a flow rate of 1 ml/min under the operating temperature of 30°C and Mass conservation based on the total polymer in the reaction mixture was measured using gravimetry. The resulting isolated copolymers were analyzed for cumulative polymer composition using a Bruker AMX500 and a Bruker MX300 Fourier Transform NMR spectrometer. The dried polymer was dissolved in deuterated chloroform (≈2% w/v) at room temperature. 
Characterization of Traffic Marking
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Results and Discussion of Acrylic Resins
3.1.1. Distribution Cloisite 30B Nanoparticles. Typical TEM micrographs of nanocomposite acrylic resin with 1 wt% (a) and 2 wt% (b) Cloisite 30B have been shown in Figure 6 . In this, the dispersion of Cloisite 30B can be seen in the resin matrix. This morphology represents the exfoliated structure of the nanocomposite acrylic resin. The exfoliation of the clay in the nanocomposite acrylic resin was also confirmed by TEM. The dark lines show the existence of the silicate platelets in the polymer matrix.
The XRD studies were carried out on the Cloisite 30B and the nanocomposites containing 1 and 2 wt% Cloisite 30B to assess the degree of the intercalation of clay platelets in the resin and the formation of the nanocomposites. As shown in Figure 7 , the curve of Cloisite 30B presents a broad peak at 2θ = 4 753°, which indicates that the d-spacing between two silicate layers is about 1.857 nm (calculated using the Bragg's law d = λ/ 2 sin θ ); the curve of nanocomposite acrylic resin/1 wt% Cloisite 30B presents a broad peak at 2θ = 2 868°, which indicates that the d-spacing between two silicate layers is about 3.083 nm; and the curve of nanocomposite acrylic resin/2 wt% Cloisite 30B presents a broad peak at 2θ = 2 856°, which indicates that the d-spacing between two silicate layers is about 3.089 nm. Moreover, the resin molecules were intercalated into the Cloisite 30B layers Figure 8(a) illustrates the difference of the percentage of transmittance between the acrylic resin and nanocomposite acrylic. In the visible range, acrylic resin is highly transparent and shows the energy absorption in the UV-B range (wavelengths lower than 320 nm). Although the presence of Cloisite 30B in the resin led to the decrease of both UV and visible lights transmittance, the reduction of UV transmittance was relatively higher than that of the visible light. At higher load of Cloisite 30B, the transmittance of UV and visible lights was lower. Figure 8( Nanocomposite acrylic resin/2 wt% Cloisite 30B
Nanocomposite acrylic resin/1 wt% Cloisite 30B
Cloisite 30B Intensity Figure 7 : XRD patterns of Cloisite 30B and nanocomposite acrylic resins. 6 Journal of Nanomaterials 3.1.3. M w Study. The primary factors that influence the molecular weight properties of acrylic resins and the efficiency of the polymerization are the initiator concentration, initiator type, radicals produced, the rate of initiator decomposition, the polymerization temperature, the solvent type, monomer mix, nanoclay existence, and feed rate of monomers and initiator. In this study, the initiator concentration, initiator type, the polymerization temperature, the solvent type, monomer mix, and feed rate of monomers and initiator are fixed. Therefore, nanoclay existence, radicals produced, and the rate of decomposition of the initiator are the dominant factors in controlling the molecular weight. To a large extent, the effect of nanoclay on the decomposition rate of initiator controls the overall polymerization efficiency. Table 4 illustrates M w of acrylic resins. By using Cloisite 30B, there is a significant increase of M w in acrylic resin. It can be concluded from the results of M w study that around 3.8% and 5.8%, rising of M w with incorporating of 1% and 2% nanoclay into the polymeric matrix, respectively, were observed.
3.1.4. PDI Study. The H-abstraction ability of the free radicals generated from the initiator plays a major role in determining the PDI. Dibenzoyl peroxide initially cleaves at the oxygen-oxygen bond; other bond cleavages can and do occur either simultaneously with or sequencers to the oxygenoxygen bond dissociation. The relative stability of the R radical determines whether peroxide undergoes single-or multiple-bond homolysis. Table 5 illustrates PDI of acrylic resins. It can be concluded from the results of PDI study that around 4.1% and 6.5%, rising of PDI with incorporating of 1% and 2% nanoclay into the polymeric matrix, respectively, were observed.
3.1.5. Viscosity Study. In this case, the viscosity of the acrylic resin is compared with nanocomposite acrylic resin. Table 6 illustrates viscosity of acrylic resins. By using Cloisite 30B, there is a significant increase of viscosity in acrylic resin, so pure acrylic resin has lower viscosity rather than nanocomposite acrylic resins. It can be concluded from the results of viscosity study that around 48% and 67%, rising of viscosity with incorporating of 1% and 2% nanoclay into the polymeric matrix, respectively, were observed.
3.1.6. Mass Conservation Study. Dibenzoyl peroxide (the initiator) can be decomposed rapidly at the reaction temperature, generating free radicals. The free radicals are mainly consumed through at tacking the reactive C-C bonds in the propagation stage of copolymerization. All spectra exhibited good peak separations for diagnostic signals. 7 Journal of Nanomaterials illustrates that the signal at ≈4.0 ppm was due to the -OCH 2 group in BA, another signal at ≈3.6 ppm was associated with the -OCH 3 group of MMA, and another signal at ≈6.4-7.1 ppm was associated with the aromatic region of STY. The relative mole fractions of monomer bound in the polymer (F BA or F MMA ) were determined from the areas under the corresponding peaks.
The structure of layered silicates consists of two fused silica tetrahedral sheets sandwiching an edge-shared octahedral sheet of either aluminum or magnesium hydroxide. Isomorphous substitutions of Si 4+ for Al 3+ in the tetrahedral lattice and Al 3+ for Mg 2+ in the octahedral sheet cause an excess of negative charges within montmorillonite layers. These negative charges are counterbalanced by cations such as Ca 2+ and Na + situated between the layers. In Cloisite 30B, the clay layers are intercalated by long chain alkylammonium ions. So, the Cloisite 30B does not change the reaction mechanism and therefore does not affect the structure formation of copolymer during polymerization. But the Cloisite 30B mainly affects the initiation stage, so the mass conservation in nanocomposite acrylic resin was higher than acrylic resin. Figure 10 illustrates mass conservation of acrylic resins. It can be concluded from the results of mass conservation study that around 0.5% and 1%, rising of mass conservation with incorporating of 1% and 2% nanoclay into the polymeric matrix, respectively, were observed.
Totally, Table 7 Resistance to wear is a measure of the ability of the dried film to withstand wear from traffic and from objects rolled or pulled across the surface. Table 8 illustrates resistance to wear of traffic marking paints. It can be concluded from the results of wear study that around 72% and 107% improvement in wear resistance property of traffic marking paints a and b, respectively, was observed. Figure 11 shows the wear morphology of the coatings under a normal load of 70 l abrasive. No severe wear was found in nanocomposite traffic marking paint a.
Scratch Resistance Study.
In a scratch test, some information about traffic marking paints such as residual depth, as a function of the applied load, are achievable. The residual depth shows the degree of scratch resistance. Figure 12 compares the residual depth of marking paints. Traffic paint shows very weak scratch resistance, as reflected by a sharp increase in residual depth at low applied loads. For nanocomposite traffic marking paints, the increase in residual depth by an applied force depends on the clay content. However, nanocomposite traffic paint a shows a very slow increase in residual depth, with applied loads > 2500 mN which can be seen at the lowest slope. For nanocomposite traffic marking paint b at loadings < 1500 mN, a relatively lower slope can be seen. It can be concluded from the results of scratch study that scratch resistance of nanocomposite traffic marking paint b is higher than nanocomposite traffic marking paint a.
3.2.3. R L Study. Measuring of road marking paint gives the driver an inside look about road and in order to secure it. According to measurement results, retroreflection below minimum levels is not acceptable. Minimum values of retroreflection according to BS EN 1436 at different times (zero, after 3, 6, and 9 months) presented in Table 9 .
With passing cars tires, due to the impact effect of the friction, large sizes of glass beads are removed. Over time, due to the wearability of the paint, small glass beads on the paint surface begin to appear. Finally, night visibility decreases due to removal of small glass beads. For having night visibility at a long time, traffic marking paint should be wear resistant. As wear decreases, small glass beads adhere to the surface paint and night visibility increases. Retroreflection of samples over a specified period is illustrated in Figure 13 . It can be concluded from the results of R L the improvement of R L property of nanocomposite traffic marking paints a and b rather than traffic marking paint. The improvement rate in 2 wt% Cloisite 30B is highest. It is necessary to mention that R L of traffic marking paint at 6 and 9 months after zero time decreases below minimum levels that is not acceptable and it is fined. 
Conclusion
Nanoclay-based traffic marking paints are wear and scratch resistant. Different formulations, including the different percentages of Cloisite 30B in resin formulations, were developed and tested in order to assess the effects on wear and scratch resistance and R L study of road marking paints. The TEM and XRD confirmed the exfoliation and the intercalation of clay platelets in the nanocomposite acrylic resin containing 1 wt% and 2 wt% Cloisite 30B. The effect of Cloisite 30B on polymerization and behavior of acrylic resin was quite obvious. The results showed that Cloisite 30B increases M w , PDI, and viscosity and speeds up the mass conservation at both 1 wt% and 2 wt% clay loading levels. Change rate is highest in 2 wt% Cloisite 30B.
The characterization of the new road marking paints was focused on features, such as wear resistance, scratch resistance, and R L changes. Improvement in wear and scratch resistance is due to the presence of Cloisite 30B because of the following:
(1) Cloisite 30B acts as a barrier and also prevents largescale fragmentation of polymer matrix.
(2) Cloisite 30B acts as a reinforcing element, bears the load, and improves wear and scratch resistance. 10 Journal of Nanomaterials soft phase can be removed easily compared to that of the hard phase. With increase of Cloisite 30B, wear and scratch resistance will be improved.
Finally, the results of the study suggest that clay intercalated morphology likely contributes to the improvement of wear and scratch resistance and R L . In this context, improvement rate in 2 wt% Cloisite 30B is highest.
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